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(54) {Method for controlling the temperature in incineration plants 



(57) The present invention provides a novel method 
of controlling the incineration temperature of Industrial 
waste incineration processes such that the incineration 
emissions products comply with governmental regula- 
tions and operating and capital costs are minimal. Mod- 
ifying the Incineration temperature In response to 



changes in the emission products and the waste 
streams results In optimal and reliable control of the in- 
cineration process and the resultant incineration emis- 
sions. Capital and operating costs are reduced signifi- 
cantly as a result. 
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Description 
BACKGROUND 

[0001] This invention relates to the field of industrial 
waste disposal, and more particularly, to the incineration 
of Industrial waste streams In themial oxidizers, furnac- 
es, combustors, or incinerators (hereinafter individually 
and collectively refen-ed to as "incinerators"), in combi- 
nation with or without a boiler, in industrial processing 
industries such as the chemical industry (e.g., industrial 
process pertaining to the production of acrylonitrile, 
acrylic acid and its esters, methacrylic acid and its es- 
ters, and vinyl chloride monomers), petroleum refining 
industry, petrochemical industry, phamiaceutical Indus- 
try, and the food industry. 

[0002] Waste streams that are generally subject to in- 
cineration may be produced in industries such as the 
chemical industry, petroleum refining industry, petro- 
chemical industry, phannaceutical industry, andthefood 
industry. Such waste streams may be sludges, slurries, 
gases, liquids, oils or combinations thereof. For exam- 
ple, chemical processes that produce waste streams 
that need to be disposed of include the production of 
acrylonitrile, methacrylic acid and its esters, acrylic acid 
and its esters, vinyl chloride monomer, phenol, synthe- 
sis gas, and ethylene. Some petroleum refining sources 
of waste streams include: hydrotreater purge gas; cat- 
alytic reformer overiiead gas; and fuel gas from the sta- 
bilizer column. Chemical plant sources Include: waste 
hydrogen streams; vent header streams; slop-oil 
streams; absorber and stripper column overhead 
streams; and effluents from waste water treatment sys- 
tems. 

[0003] An incineration process Is a rapid oxidation 
process that releases energy that may or may not be 
harnessed to do useful woric such as producing steam 
in a boiler. Although incineration processes can achieve 
high destruction efficiencies, these systems are typically 
expensive to operate due to the energy involved. IVIost 
importantly, incineration systems have secondary emis- 
sions associated with their operation that are heavily 
regulated by environmental agencies such as the Envi- 
ronmental Protection Agency (the "EPA") and the Texas 
Natural Resources Conservation Commission (the "TN- 
RCC"). Substances in incineration emissions that typi- 
cally are regulated are: CO and NO^. COg is also a con- 
cern as it is a greenhouse gas. Generally, environmental 
regulations limit the amount of these substances that 
can be emitted from a company's waste incineration 
process on an hourly basis. Thus, the goal when dis- 
posing of waste streams through incineration is to com- 
ply with the applicable environmental regulations while 
minimizing energy consumption so that the process is 
cost-effective. Conventional incineration systems for In- 
dustrial waste streams have failed to meet this goal. 
[0004] In heretofore known incineration systems, en- 
vironmental regulatory sp clflcatlons limit the operating 



conditions of the incineration process to specific oper- 
ating conditions used during a "stacl< test." Usually, the 
"stack test" is run in a worst case scenario. Therefore, 
the operating conditions such as temperature, fuel, and 

5 air that are dictated by the stack test are not sufficiently 
flexible to adjust to changes in the composition, feed 
rate or fuel value of the waste streams. Operating con- 
ditions based on this single "worst case" approach are 
seldom varied as they oftentimes are dictated by rigid 

10 environmental permit requirements. Further, there is lit- 
tle opportunity for change as stack tests are performed 
infrequently. While this approach assures emissions 
compliance, its inflexibility also guarantees that the in- 
cinerator is always run at Its most costly operating con- 

15 ditions. 

[0005] In conventional industrial waste incineration 
prcc2££S£ cpcratsd at staCk test operating oondilions, 
a waste stream is generally combined In a f umace with 
a large amount of fuel, such as natural gas, and an ex- 

20 cess of air. Because a large amount of fuel is used, the 
emissions that are produced from this conventional 
process usually comply with environmental regulations. 
However, this method is not cost-effective because nat- 
ural gas, the primary fuel, is expensive. Also, because 

25 an excess of fuel is used, the temperature of the incin- 
erator Is very high, usually from about 1000°F (638°C) 
to about 20OO'»F (1 076°C). These high temperatures, in 
combination with the nitrogen in the air feed to the sys- 
tem, create an undesirable amount of NO^, a heavily 

30 regulated emission substance. 

[0006] Traditionally, efforts to minimize CO and NO^ 
emissions from incineration systems have focused on 
the adjustment of air {e.g., temperature, flow, and distri- 
bution) in the system and optimization of its distribution. 

35 This has been done by monitoring the oxygen content 
of the emissions. 

[0007] Measuring or monitoring the oxygen content of 
Incineration emissions has been used in conventional 
systems as a standard feedback control, wherein ad- 

40 justments to the air feed into the incineration system ul- 
timately control the amount of CO in the incineration 
emissions. Insufficient air makes the system fuel-rich, 
which may pose an explosion hazard. While an excess 
of air avoids this problem and Is favorable to achieving 

♦5 complete combustion, too much air results in excess 
NOx fomnation and requires greater energy consump- 
tion. Also, using more air means bigger fans, which in 
and of themselves are expensive. Heretofore known 
systems have not looked to temperature as the control- 

?o ling variable to optimize the system; therefore, the con- 
ventional means to achieve optimization of the Inciner- 
ation process, i.e., by controlling the air feed through 
monitoring the oxygen content of the emissions, results 
in burdening the incineration process with excess air 

•5 that must be heated and an excess formation of CO and 
NOx in the emissions. Operating costs are high and ef- 
ficiency Is low when control of the incineration process 
Is solely limited to this method. 
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[0008] Another problem with some of the convention- 
al incineration systems using the oxygen content of the 
emissions as a means to optimize the system is that, if 
the condition of the waste stream changes, the inciner- 
ation system is unable to adapt to those changes opti- 
mally and reliably, resulting In inefficient and costly proc- 
ess perfomnance and possibly regulatory noncompli- 
ance. Process parameters such as temperature in con- 
ventional systems are not adjusted to changes in the 
waste stream. Further, in conventional systems, the only 
means to address changes In the waste stream has his- 
torically been to add an excess of air to the system, 
which results In the disadvantages described above. 
[0009] However, notwithstanding the awareness of 
these regulations, many of the conventional incineration 
methods have not been able to ensure their compliance 
on a cost-effective basis. AecGrd^ng^/, the industpia! 
processing industries would greatly welcome a method 
which not only controls emissions from Industrial waste 
incineration processes such that compliance with envi- 
ronmental regulations is ensured, but also provides a 
method of Incinerating waste wherein capital and oper- 
ating costs are reduced significantly. 

STATEMENT OF INVENTION 

[0010] Therefore, one object of the present Invention 
is to provide novel methods to optimize an industrial 
waste incineration process such that emissions from the 
process comply with environmental regulations and the 
process Is cost-effective. 

[0011] Another object of this invention Is to provide 
novel methods which enable the Incineration process to 
adapt quickly and accurately to changes in the waste 
stream (e.g., changes in its fuel value, temperature, feed 
rate, or composition), in a manner such that the emis- 
sions remain at or under the target level. 
[0012] These and other objects that will become ap- 
parent to those skilled in the art upon reading this spec- 
ification are based, in part, on the surprising discovery 
that modifying the operating temperature (hereinafter 
referred to as "the firebox temperature") of the Inciner- 
ator, in response to changes in the emissions products 
and waste streams, results in the ability to consistently 
control the incineration process and the resultant incin- 
eration emissions. 

[0013] The present invention pertains to novel meth- 
ods for Incinerating industrial waste. In one embodi- 
ment, a method encompasses by the present Invention 
includes the steps of: 

(a) detemntning whether a waste stream is being fed 
into the incinerator, 

(b) evaluating a CO emission rate to calculate the 
CO emissions rate minus a target CO rate (herein- 
after "ACQ"), and 

(c) adjusting a firebox temperature of an incinerator 
In response to the ACO calculation. 



[0014] In another embodiment, a method encom- 
passed by the present Invention Includes the steps of: 

(a) determining whether a waste stream having a 
5 feed rate and a fuel content is being fed into an in- 
cinerator; 

(b) measuring the feed rate of the waste stream to 

calculate a the mass flow rate of the waste stream 
at a time t^, minus the mass flow rate of the waste 
10 stream at a time t^,, where t^ ^t^ (hereinafter "AM"); 

(c) adjusting a firebox temperature of the incinerator 
if AM is greater than or less than 0; 

(d) analyzing the energy content of the waste 
stream to calculate the energy content of the waste 

IS stream at a time t^, minustheenergy content of the 
waste stream at a time t^, where t^ > to (hereinafter 
referred to as **AE") ; 

(e) adjusting the firebox temperature of the Inciner- 
ator if AE Is greater than or less than 0; 

20 (f) evaluating a CO emission rate of the emission 
products to calculate a ACO; and 
(g) adjusting the firebox temperature of the inciner- 
ator if ACO is greater than or less than 0. 

25 [001 5] One of the many advantages of the present in- 
vention Is that less costly-fuel Is now needed to maintain 
desirable destruction efficiency of waste. Accordingly, 
less energy is used in the incineration process; and 
therefore, the producer realizes a cost-savings. Another 

30 advantage of the present Invention Is that fewer unde- 
sirable emission products are generated because in- 
creases in air feed are avoided. Thus, the capital and 
operating costs associated with using a large amount of 
air in the system can be saved. 

35 [001 6] Other advantages of the present Invention will 
be apparent to those of ordinary skill in the art In view 
of the following specification, claims and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

[0017] A more complete understanding of the present 
embodiments and advantages thereof may be acquired 
by referring to the following description taken in conjunc- 
tion with the accompanying drawings, in which like ref- 
^5 erence numbers indicate like features, and wherein: 

FIGURE 1 is a depiction of a conventional thermal 
oxidizer, incinerator or comb ustor that may be used 
when practicing the present Invention. 

so FIGURE 2 is a flow chart describing the Feedback 
Method of temperature control for achieving CO 
compliance in accordance with one embodiment of 
practicing the present Invention. 
FIGURE 3 is a flow chart describing the Combined 

55 Feed Forward/Feedback Method of temperature 
control for achieving CO compliance in accordance 
with one embodiment of practicing the present in- 
vention. 
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FIGURE 4 is a graph of the correlation between 
temperature and waste mass fiow rate, illustrating 
one of the Improvements obtained in accordance 
with one embodiment of practicing the present in- 
vention. 

FIGURE 5 is a graph of the correlation between CO 
concentration versus temperature at a given set of 
operating conditions in the incinerator. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] The present invention provides, among other 
things, novel methods to optimize waste Incineration 
processes such that compliance with environmental 
regulations is facilitated, and capital and operating costs 
are reduced. 

[001 9] FIGURE 1 is a depiction of one embodiment of 
a thennal oxidizer, furnace, incinerator, or combustor 
(collectively, "Incinerator") encompassed by the present 
Invention. In incinerator 18, the process begins with a 
waste stream being fed therein through source 10. The 
waste from source 10 may be a liquid, vapor, sluny, 
sludge, or a mixture thereof. This waste stream may 
contain organic and Inorganic components, as well as 
oxygen. It Is importantto note that the waste stream gen- 
erally has a fuel value of its own. 
[0020] A fuel stream Is fed into incinerator 18 from 
source 12. This fuel stream typically includes at least 
one of the following fuel sources: natural gas, oil, or a 
suitable waste stream having suitable fuel values. 
[0021] An oxygen-containing stream is also fed into 
incinerator 18 from source 14. This oxygen-containing 
stream typically includes at least one of the following 
oxygen sources: pure oxygen, air (which is approxi- 
mately 21% oxygen), or some other gas mixture com- 
prising oxygen. 

[0022] The contents of sources 1 0, 12 and/or 14 may 
be preheated prior to their Introduction Into incinerator 
18, if desired. 

[0023] Prior to and during the incineration process, 
the incinerator temperature is measured and monitored. 
The incinerator temperature, which Is the incineration or 
operating temperature, is initially set at a known level. 
[0024] Emission products resulting from the process 
are withdrawn from the incinerator through stream 20. 
In a particular incineration process at a chemical man- 
ufacturing facility, stream 20 may include Ng, Og, NO^, 
CO2, CO, VOCs, and HgO. As stated earlier, of principal 
concern because of environmental regulations are NO^ 
and CO. COg is a concern as well because it is a green- 
house gas. 

[0025] Traditionally, the operating conditions for the 
incineration process are not been adjusted relative to 
changes in the waste stream or the emissions. Thus, 
more fuel and air than necessary are used. As a result, 
the incineration process is costly. 
[0026] In the present invention, this process can be 
made cost effective by following the Feedback and 



Combined Feed Forward/Feedback Methods of temper- 
ature control provided herein. With these methods, it is 
now possible to correlate the minimum temperature re- 
quired at a given waste load to achieve compliance with 

5 environmental regulations through minimal energy use. 
[0027] FIGURE 2 is a flow chart describing the Feed- 
back IVIethod for optimization of an incineration process 
of the present invention. The first step 30 of the Feed- 
back IVIethod of the present invention is to detemiine 

10 whether a waste stream is being fed to the incinerator. 
If not, then the method ends there. However, if yes, then 
the second step 32 Is to calculate the difference in the 
CO emissions rate or "AGO". ACO is equal to the CO 
rate of emissions at 20 (FIGURE 1) minus the target 

^5 rate, wherein the target rate could be equal to the CO 

permit rate plus or minus a CO confidence rate based 

en rricasurGnient variabHityj'hiSLoricarpefforrnanc^^^ and 
other criteria. 

[0028] The confidence rate is essentially a safeguard 
20 or a margin of en-or. For example, if the CO permit rate 
is 550 Ibs/hr CO emissions, and a 10% margin of error 
is deemed appropriate for the given process, the CO 
confidence rate would be 50 Ibs/hr (22.7 Kg/hr.), with 
the resulting target rate being equal to 500 ibs/hr (227 
25 Kg/hr) CO emissions. To detemiine the CO emissions 
rate, CO analyzers are preferable in the method of the 
present invention, however, Og analyzers, possibly In 
combination with visual observations, are also suitable 
indirect indicators of CO. Another suitable indicator 
50 could be an on-line process analyzer such as a Gas 
Chromatograph, a Mass Spectrometer, or a Gas Chro- 
matograph/Mass Spectrometer combination. 
[0029] it Is envisioned that, in certain instances, suf- 
ficient operating data may be available such that a pre- 
ss dtetlve measurement may be used as an alternative to 
direct measurement of CO or Og emissions. In essence, 
this amounts to a virtual Feedback Method and is func- 
tionally equivalent to one of the embodiments of the 
present invention. The feasibility of such an approach is 
40 improved for waste streams of relatively constant com- 
position, flow rate and energy content, and Is further en- 
hanced when a large confidence factor Is employed in 
the selection of the CO target value. 
[0030] The next step 34 is to evaluate the actual CO 
^ emission rate detemriined in step 32 compared with the 
target level of CO emissions. If the ACO is at the desired 
level (or "O" in FIGURE 2), then the next step 36 is to 
wait a designated time interval, t^, and then repeat steps 
30 and 32 by again checking the CO emission rate and 
so calculating ACO. (See. FIGURE 2 at 34, 36, 30 and 32). 
[0031] If the CO emission rate Is not equal to the target 
rate, then the next step 38 is to detemiine whether the 
CO emission rate is greater than or less than the target 
rate. If the CO emission rate is greater than the target 
55 rate, (ACO >0) then the next step 40 Is to raise th fire- 
box temperature at point 1 8 by AX. AX is a function of 
ACO: [(AX=f2(AC0)], 

[0032] After the firebox temperature Is raised by AX. 
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then th next step 42 is to wait a designated time inter- 
val, ty time units, and then repeat step 32 by again 
checl<ing CO emissions and calculating AGO at 32, 
wherein t^ is a function of AX, or in other words, it Is 
dependent on the adjustment made to temperature: [ 
(t^f3(AX)]. If the CO emission rate Is still greater than 
the target level, the firebox temperature Is raised again 
by AX and time, t^, is allowed to pass. It will be apparent 
to one of ordinary skill in the art that, as AX is a function 
of ACO, it may not be the same value or quantity on suc- 
cessive iterations of the method; similarly t^^, which is a 
function of AX, may be different on successive Itera- 
tions. 

[0033] If the CO emission rate is lower than the target 
level, (ACO < 0) then too much energy is being con- 
sumed in the process. In that case, the next step 44 is 
to lower the firebox temperature by AY. AY is a function 
of ACO [AY=fi(ACO)]. The next step 46 is to watt a des- 
ignated time Interval, ty, and then repeat step 32 by 
again checking CO emissions, wherein ty is a function 
of ACO: [ty=f4(Ay)]. AX and AY may or may not be equal; 
tjj and ty may or may not be equal as well. Similarly, the 
functions defining AX, AY, X^, and ty may or may not have 
the same mathematical fomi. 
[0034] Selection of suitable functions, will be apparent 
to one of ordinary skill using the benefits obtained by the 
method of the present Invention. Ttie Feedback Method 
of temperature control for achieving CO compliance is 
a continuous process until the waste stream is spent. 
[0035] Within the Feedback IVIethod illustrated in FIG- 
LI RE 2, it is contemplated that it may be beneficial to 
include checks or limits on the firebox temperature such 
that a minimum firebox temperature is always main- 
tained. In some prefen^ed embodiments, such a mini- 
mum temperature setpoint will range between 800*" F 
(420 '^C) to 1200*'F (649 ''C). Also, it may be beneficial 
to limit the maximum firebox temperature setpoint, for 
example, to prevent mechanical and/or themriai damage 
to the incinerator and associated equipment. Selection 
and implementation of temperature setpoint limits are 
envisioned as within the scope of the present invention 
and within the ability of one of ordinary skill in the art 
after reading this specification. 
[0036] The Combined Feed Fonvard/Feedback Meth- 
od for optimizing an incineration process of the present 
invention is described in the flow chart in FIGU RE 3. The 
Combined Feed Forward/Feedback Method allows one 
to look at the waste stream to control the initial temper- 
ature set-point before proceeding with the Feedback 
Method of firebox temperature control for achieving CO 
compliance of the present invention. In another embod- 
iment of the present invention, the Combined Feed For- 
ward/Feedback Method can also be used simultaneous- 
ly with the Feedback Method to make a combined ad- 
justment to the firebox temperature setpoint. 
[0037] The fe d rate and the fuel value of the waste 
stream as ref rred to herein are understood to mean for 
the combination of all waste streams that are fed Into 



the system, as waste streams may be combined prior 
to Incineration. In the first step 50 of the Combined Feed 
Forward/Feedback Method, it is detemriined whether or 
not a waste stream is being fed into the system, if so, 

5 then the second step 52 is to calculate AM, which cor- 
responds to a change In the feed rate of the waste 
stream. AM Is equal to the mass flow rate ("MFR") of the 
waste stream at time t^, minus the MFR of the waste 
stream at time to [AM=MFRti-MFRto], where t^ > to- If 

10 MFR has increased (AM > 0), then the firebox temper- 
ature is raised by AR at 56. AR is a function of AM [AR:=f5 
(AM)]. 

[0038] After the firebox temperature is raised by AR, 
the control method follows the Feedback Method begin- 

15 ning at step 32 by checking ACO and making the corre- 
sponding changes in temperature, namely, AX or AY, un- 
til the CO emission rate is at the target rate. After the 
CO emission rate is at target rate, the control method 
begins again with the Combined Feed Forward/Feed- 

20 back Method at 50. 

[0039] If the feed rate of the waste stream, MFR, has 
not Increased (AM < 0, see Figure 3 at 54), then the con- 
trol method looks to see if the feed rate of the waste 
stream has decreased at step 60. If MFR has de- 

25 creased, then the firebox temperature at point 1 8 (FIG- 
URE 1) is lowered by AL at 62. AL is also a function of 
AM [AL=fe(AM)]. After dropping the temperature by AL, 
the control method then turns to the Feedback Method 
at 32 as described above and continues to adjust the 

30 firebox temperature (FIGURE 1) according to the CO 
emission rate. Once the CO emission rate is at the target 
rate, then the control method again turns to the Com- 
bined Feed Fon/vard/Feedback Method and looks at the 
waste stream variables. If MFR of the waste stream has 

35 not increased or decreased (at 54 and 60), then the con- 
trol method looks at the energy content, E, of the waste 
stream at steps 66, 68 and 74. 
[0040] The energy content or E of the waste stream 
may vary due to a composition change that Increases 

40 or decreases the fuel value of the waste stream. For ex- 
ample, in a waste stream comprising organics and air, 
a decrease In the air content (with a resultant Increase 
in the organic content) will increase the fuel value of the 
stream, giving it a higher energy content. A preferred 

45 method for determining changes in the fuel value of the 
waste stream is to monitor the waste stream composi- 
tion through direct analysis of the waste stream via an 
on-line process analyzer, such as a Gas Chromato- 
graph, Mass Spectrometer, or Gas Chromatograph/ 

50 Mass Spectrometer. 

[0041] In an especially preferred embodiment, where- 
in the waste stream comprises oxygen, the oxygen con- 
tent of the waste stream is monitored as well as the fuel 
value. In this embodiment, the air feed rate to the incin- 

55 erator may then be reduced by an amount equal to the 
mass flow rate of oxygen provided by the waste stream, 
while still maintaining the desired air-to-f uei ratio. In this 
way, an undesirably high excess of oxygen - and the 
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resultant Jncreased fuel consumption and NOx genera- 
tion that accompany it - may be avoided. Typically, the 
benefits of such an embodiment are maximized during 
non-steady state op rating conditions, such as may oc- 
cur during start-up, shutdown, or upset of the process 
(es) which generate the waste 8tream(s) fed to the in- 
cineration process. 

[0042] it is envisioned that in some instances, it may 
be possible for the waste stream to comprise oxygen 
only under non -steady state conditions and to othenwise 
be substantially oxygen-free under steady-state operat- 
ing conditions. Process composition analyzers, such as 
those described above, and/or commercially-available 
oxygen analyzers are suitable for implementing the 
method of this preferred embodiment. Use of this ap- 
proach may be beneficially utilized with any of the meth- 
ods (namely, the Feedback Method or the Combined 
Feed Fonward/Feedback Method). 
[0043] Alternatively, monitoring changes In the oper- 
ating conditions under which the waste stream was gen- 
erated, when combined with process knowledge and/or 
prior measurements, may be sufficient to estimate 
changes in the fuel value of the stream. For example, 
increasing the ratio of hydrocarbon to NH3 in an acrylo- 
nitrile reactor feed may lead to higher unreacted hydro- 
carbon content In the acrylonltrile process' AOG (ab- 
sorber off gas) waste stream, which Increases the fuel 
value of the waste stream. 

[0044] The waste stream energy content may also 
change due to a change in the waste stream's absolute 
temperature. For example, if the temperature of the 
stream increases by 1 00 °F (38 °C), the energy content 
of the stream increases. A prefen'ed method for deter- 
mining changes in the temperature of the waste stream 
is to directly monitor it with one or more themiocouples. 
[0045] Energy content may also change due to a 
change in the waste stream's physical state. For exam- 
ple, if the stream comprises liquid water at its boiling 
point and the stream is passed through a hot heat ex- 
changer, the energy content of the stream will increase 
and at least a portion of the water in the waste stream 
will become water vapor. Changes in the state (e.g., liq- 
uid to gas) of the waste stream may be monitored 
through a combination of composition analysis, pres- 
sure/temperature measurement, and the use process 
knowledge. 

[0046] In the Combined Feed Fonward/Feedback 
Method, if the energy content, E, has increased (AE >0), 
then the firebox temperature (FIGURE 1) is lowered by 
AB. AB is a function of AE [AB^fyCAE)]. Once the firebox 
temperature Is lowered by AB, the control method turns 
to the Feedback Method again and analyzes the CO 
emission rate or ACO at 32. Once the CO emissions are 
at the target rate, the control method then turns to the 
Combined Feed Fonn^ard/Feedback Method and ana- 
lyzes the waste stream variabi s. 
[0047] If MFR has not increas d or decreased, and E 
has not increased, then the control method looks to see 



if E has decreased at 74. If E has decreased (AE < 0), 
then the firebox temperature at point 1 8 is raised by AA. 
AA is a function of A E [AA=f8(AE)]. Once the AA adjust- 
ment has been made, the control method continues with 
5 the Feedback Method at 32 and analyzes the CO emis- 
sion rate to adjust the firebox temperature at point 18 
accordingly. 

[0048] The Combined Feed Fonward/Feedback Meth- 
od of temperature control for achieving CO compliance 

10 is a continuous process until the waste stream is spent. 
Although described in the order shown in FIGURE 3, it 
will be apparent to one of ordinary skill in the art after 
reading this specification that the Combined Feed For- 
ward/Feedback Method is not significantly changed if 

15 the evaluation of AE is perfonned first, prior to the eval- 
uation of AM. 

[0049] !n certain smbcdimcntG cf the prsssnt inven- 
tion, the Combined Feed Forward/Feedback method 
may be simplified to the extent that it operates as a pure 

20 Feed Forward method. One of ordinary skill in the art 
will recognize, however, that this simplification is equiv- 
alent to the Combined Feed Forward/Feedback Method 
wherein the feedback measurement is obtained through 
a predictive, rather than direct {i.e., process analyzer) 

25 means. An example of the feed forward embodiment of 
the present invention is given below. 
[0050] By way of example and not limitation, an ex- 
ample is given. In a carboxyllc acid manufacturing proc- 
ess, unpurified product gas comprising carisoxylic acid, 

30 hydrocari^ons, and nitrogen are fed to an absorption 
tower. The absorption tower utilizes water to absorb the 
carboxyllc acid from the product gas to generate a dilute 
aqueous carboxyllc acid product stream and a gaseous 
waste stream, substantially free of carboxyllc acid. The 

35 gaseous waste stream, comprising hydrocarbons and 
nitrogen, is fed to an incinerator for disposal. 
[0051] The incinerator uses air as the oxygen feed 
source and natural gas as the fuel feed source; the ab- 
solute feed rates of air and natural gas, as well as the 

40 ratio of air to natural gas, are controlled by conventional 
automatic controllers manipulating control valves on 
each feed line. The mass flow rate of the gaseous waste 
stream varies proportionally with changes In the cartaox- 
ylic acid manufacturing process production rate. Addi- 

45 tionally, slight changes in the composition of the gase- 
ous waste stream occur as a result of the variation of 
absorber efficiency with respect to the operating rate. 
[0052] The horizontal line in the FIGURE 4 denotes 
the firebox temperature setpoint that is utilized in the pri- 

50 or art method of operation. It can be seen from the 
graph, that the setpoint of 1570 °F Is not varied with 
changes in the mass flow rate of gaseous waste stream 
fed to the incinerator. 

[0053] The curve in the graph denotes the firebox 
S5 temperature setpoint that Is utilized in the methods of 
the present invention. This cun^ was developed in the 
following manner: 
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1. Based on safety and operability considerations, 
and utilizing means known In the prior art, the lowest 
excess oxygen level for operation was detennlned. 
This ratio of oxygen feed to fuel feed was main- 
tained constant throughout the testing. 5 

2. The minimum and maximum gaseous waste 
mass flow rates were then detennlned. 

3. A plurality of mass flow rates within the range 
were identified as test measurement conditions. 

4. For each test measurement condition, the incin- io 
erator effluent composition was monitored and the 
firebox temperature was gradually reduced, until 

the minimum temperature at which the targeted CO 
emissions rate could be met had been Identified. An 
example of data describing this step is shown in is 
FIGURE 5. 

5. T Mgthematica! methods known to these cf crdi^ 
nary skill were then used to detemnine a polynomial 
expression which closely matched the specific fire- 
box temperature vs. mass flow rate data collected, so 
Through use of this polynomial expression, wherein 

X denotes the mass flow rate of gaseous waste and 
y denotes the corresponding firebox temperature 
setpoint, the specific firebox temperature setpoint 
value necessary at any given mass flow rate as 25 
needed to minimize fuel consumption while remain- 
ing in compliance with CO emissions requirements 
was then detemriined. The specific polynomial de- 
rived in this example was: 



y = 41 .37x^- 67.45X + 1482.1 0 

[0054] It can be seen from the graph that the firebox 
temperature setpoint varies from approximately 1475 
at low gaseous waste stream mass flow rates to approx- 
imately 1540 *'F at high gaseous waste stream mass 
flow rates. These temperatures are much lower than the 
setpoint utilized In the prior art method {i.e., 1570 *»F) 
and represent a significantly lower operating cost for the 
incineration process due to the reduction In fuel con- 
sumption provided by the lower operating temperature 
of the incinerator. 

[0055] Because a polynomial expression maybe de- 
rived from actual stack test measurements of CO con- 4s 
tent In the effluent of the Incinerator, It is no longer nec- 
essary to directly measure the CO content of the incin- 
erator effluent (feedback via direct means). In one pre- 
ferred embodiment of the method of the present inven- 
tion, this polynomial is incorporated into an automatic 50 
control system algorithm to automatically monitor mass 
flow rate of the gaseous waste and adjust the firebox 
temperature setpoint in accordance with the method of 
the present invention. 

[0056] Other optional additions to the Incineration ss 
process of the present Invention Include but ar not lim- 
ited to preheating of the waste stream, fuel, and/or air 
feeds to the Incinerator, scrubbers In the stack of the 



incinerator, particulate fitters In the stack of the inciner- 
ator, catalytic reduction units (including selective and 
non-selective units) in the stack of the incinerator, or 
electrostatic precipitators in the stack of the incinerator. 
These enhance the reduction In emissions realized as 
a result of the methods of the present invention. 
[0057] Also contemplated within the present Invention 
is the use of a boiler In conjunction with the Incinerator 
wherein the stream produced by the boiler is recovered 
and used In other processes like an electricity genera- 
tion process or for heating In other process operations. 
A waste to energy system such as this increases the 
overall cost savings realized by the present Invention. 
[0058] The ultimate result of the present invention is 
that emissions are at the target level and the process is 
cost-effective. Heretofore, known systems have not met 
uGtu of ihese criteria. Furthermore, the methods of the 
present invention allow the incineration process to adapt 
to changes in the waste stream so that energy consump- 
tion by the process is optimized and emissions remain 
at the target level. 

[0059] Although the present Invention has been de- 
scribed in detail, it should be understood that various 
changes, substitutions and alterations can be made 
hereto without departing from the spirit and scope of the 
invention as defined by the appended claims. 



Claims 

1. A method of incinerating industrial waste producing 
emission products comprising the steps of: 

(a) detemilning whether a waste stream is be- 
ing fed Into the Incinerator; 

(b) evaluating a CO emission rate of the emis- 
sion products to calculate a ACO, which is 
equal to the CO emission rate minus a target 
rate and Is less than or greater than 0; and 

(c) adjusting a firebox temperature in response 
to Increases or decreases in the ACO. 

2. A method of incinerating industrial waste according 
to claim 1 wherein the target rate is less than 600 
Ibs/hr. 

3. A method of incinerating industrial waste according 
to claim 1 wherein evaluating the CO emission rate 
Is accomplished by using a CO analyzer, an O^ an- 
alyzer, a Gas Chromatograph, a Mass Spectrome- 
ter, or a Gas Chromatograph/IVIass Spectrometer 
combination. 

4. A method of Incinerating industrial waste according 
to claim 1 wherein the firebox temperature of the 
incinerator is increased by a AX if ACO Is greater 
than 0. 
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5. A method of incinerating industrial waste according 
to claim 1 wherein the firebox temperatur of the 
Incinerator Is decreased by a AY if AGO Is less than 
0. 

6. A method of incinerating industrial waste producing 
emission products comprising the steps of: 

(a) determining whether a waste stream having 
a feed rate and a fuel content is being fed into 
an Incinerator; 

(b) measuring the feed rate of the waste stream 
to caicuiate a AhA, AM being equal to the mass 
flow rate of the waste stream at a time t^ , minus 
the mass flow rate of the waste stream at a time 
to» where t^ > to; 

(c) adjusting.atirebox temperati 

erator by a AR or a AL If AM Is greater than or 
less than 0; 

(d) analyzing the energy content of the waste 
stream to calculate a AE, AE being equal to the 
energy content of the waste stream at a time t^ , 
minus the energy content of the waste stream 
at a time tg. where t^ > to; and 

(e) adjusting the firebox temperature of the In- 
cinerator by a AB or a AA if AE is greater than 
or less than 0. 

7. A method of incinerating industrial waste producing 
emission products further according to claim 6 com- 
prising the steps of: 

(a) evaluating a CO emission rate of the emis- 
sion products to calculate a AGO, which is 
equal to the CO emission rate minus a target 
rate; and 

(b) adjusting the firebox temperature of the in- 
cinerator If AGO is greater than or less than 0. 

8. A method of Incinerating Industrial waste according 
to claim 6 wherein the firebox temperature of the 
Incinerator Is increased by AR if AlVI Is greater than 
0. 

9. A method of incinerating industrial waste according 
to claim 6 wherein the firebox temperature of the 
Incinerator is decreased by AL If AM is less than 0. 

10. A method of incinerating Industrial waste according 
to claim 6 wherein the firebox temperature of the 
Incinerator is decreased by AB if AE Is greater than 
0. 
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to claim 7 wherein the firebox temperature of the 
Incinerator Is increased by AX if AGO is greater than 
0. 

13. A method of incinerating Industrial waste according 
to claim 7 wherein the firebox temperature of the 
incinerator is decreased by AY if AGO is less than 0. 

14. A method of incinerating industrial waste according 
to claim 7 wherein the target rate Is less than 600 
Ibs/hr. 



15. A method of incinerating industrial waste according 
to claim 6 wherein the waste stream Is a liquid, va- 
por, slurry, sludge, or a mixture thereof. 



A 1 1 1 St h Gd G r i n c r ne rati M 9 "indu s" .ria ! waste acx;o rdi ng 
to claim 7 wherein evaluating the GO emission rate 
to calculate AGO is detemiined utilizing a CO ana- 
lyzer, an 02 analyzer, a Gas Ghromato graph, a 
Mass Spectrometer, or a Gas Ghromatograph/ 
Mass Spectrometer combination. 
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17. A method of Incinerating industrial waste according 
to daim 7 further comprising waiting a designated 
time interval t^ If ACO=0, waiting a designated time 
interval t^ once the firebox temperature of the Incin- 
erator is raised by AX, or waiting a designated time 
interval ty if the firebox temperature of the incinera- 
tor Is lowered by AY. 



18. A method of incinerating industrial waste according 
to claim 7 wherein the analyzing a fuel content of 
the waste stream to calculate a AE Is determined 

35 by an on-line analyzer. 

19. A method of Incinerating industrial waste according 
to claim 18 wherein the on-line analyzer is a Gas 
Ghromatograph, a Mass Spectrometer, or a Gas 

40 Chromatograph/Mass Spectrometer combination. 

20. A method of Incinerating industrial waste according 
to claim 6 where prior to step (a) further comprising 
analyzing a oxygen content of the waste stream pri- 

45 or to incineration. 



30 



1 1 . A method of incinerating industrial waste according 

to claim 6 wherein the firebox temperature of the ss 
incinerator is increased by AA if AE Is I ss than 0. 

12. A method of Incinerating Industrial wast according 
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